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ABSTRACT 
Habitat fragmentation results in edge effects— changes in diversity and community 
composition along high-contrast forest edges. To date, a study of edge effects on beetle diversity 
has not been performed in tropical cloud forests, and few studies compare communities at both 
understory and canopy levels. Using bottle traps, I sampled canopy and understory beetle 
communities in a tropical lower montane cloud forest of Monteverde, Costa Rica across three 
distances (edge- 15 m, middle- 100 m, far- 205 m) along an edge-to-interior transect into the 
forest. 
According to the Shannon-Weiner diversity index, the site with the most diversity was 
the middle understory, whereas the canopy at the edge was the least diverse. Out of all the 
understory sites, there was significantly less diversity at the far site. Within the canopy, the 
opposite was true, with more diversity further into the forest. Using a Linear Mixed Model and 
several post hoc tests, the results indicated that edge effects on beetle abundance and richness 
were stronger in the canopy than in the understory. In the canopy, there was a positive linear 
relationship between the number of individuals/morphospecies and distance into the forest, but 
no real trend in the understory. There were also differences in composition between heights and 
across distances, according to the Morisita Index. Overall, Curculionidae, Staphylinidae, and 
Chrysomelidae were the most species-rich families of beetles, and Curculionidae and 
Staphylinidae were the most abundant families. 
Differences in diversity and response to edges could be explained by the varying 
ecological traits of beetles inhabiting each site. The three most dominant families have very 
generalized diets and therefore can exist in a wide variety of habitats, even in canopy areas 
which are characterized by increased sunlight and wind, higher temperatures, and an increased 
risk of desiccation, similar to edge sites. In addition, tropical ecosystems have more specialists, 
which tend to decrease in abundance in human-disturbed areas. This could explain why 
abundance and richness was lower near the edge in my study, but higher near edges for other 
studies not in the tropics. Considering that insects are so small and large-scale changes in their 
diversity can easily go unnoticed, it is important to conduct studies like these to evaluate how 
habitat fragmentation is affecting them, and from that, make decisions about how best to 
conserve insect populations.  
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INTRODUCTION 
Background/Significance of Study 
Habitat fragmentation, or the process by which larger, continuous habitats are divided into 
smaller, more isolated patches (Ewers & Didham 2007), is one of the biggest threats to 
biological diversity (Guimarães et al. 2014). Although naturally fragmented habitats do occur, 
human-caused habitat destruction has been found to cause in the greatest amount of 
fragmentation (Ewers & Didham 2007). Building roads through forests and clearing trees for 
logging results in the creation of high-contrast edges between forests and open, human-disturbed 
areas (Gascon et al. 2000). Around edges, the forest interior becomes affected by the harshly 
different conditions of the neighboring habitat— termed the ‘edge effect’ (Yahner 1988). 
Increased wind disturbance, sunlight, and risk of desiccation are just a few characteristics of 
these edge-affected zones, which can result in altered community composition and diversity 
along the forest edge (Yahner 1988; Gascon et al. 2000).  
Sections of forest that are affected by these external conditions are termed edge habitat, 
whereas unaffected sections are referred to as core habitat (Ewers & Didham 2007). Decreasing 
forest area increases the ratio of edge-to-core (Ewers & Didham 2006, 2008), which means 
deforestation and fragmentation greatly reduce available habitat for edge-avoiding species 
(Gascon et al. 2000; Stone et al. 2018). This reduction in habitat area can be a major cause of 
biodiversity loss, and typically leads to an increased risk of local extinctions (Ewers & Didham 
2007). In particular, habitat fragmentation can be detrimental to small organisms, such as insects. 
Even small-scale changes in habitat structure could pose large threats to insect populations 
(Golden & Christ 2000), making them model organisms for researching edge effects. 
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One group of insects that requires more research regarding the effects of habitat 
fragmentation is Order Coleoptera. Beetles are still largely undescribed despite being the most 
biodiverse order in existence, constituting almost 25% (350-000 to 400,000 species) of all known 
life forms (Stork et al. 2015). Total beetle species richness is estimated by entomologists to be 
around 1.5 million species, meaning only a fourth of the world’s existing beetle species are 
described (Stork et al. 2015). To shrink the current knowledge gap, it is necessary to study global 
beetle diversity in all forest types (Stork et. al 2015). Additionally, studies have shown that 
habitat fragmentation and the creation of edges can greatly impact the diversity and composition 
of beetle communities (Didham et al. 1998; Hunter 2002; Ewers & Didham 2008; Noreika & 
Kotze 2012; Magura et al. 2017; Stone et al. 2018), by reducing the habitat size of specialist 
species and increasing the abundances of generalist species. Because deforestation is currently 
putting the world’s forests at risk (Haddad et al. 2015), it is especially important to study beetle 
diversity now and determine how it is affected by edges.  
To my knowledge, no study has ever been conducted on edge effects in beetle 
communities of tropical cloud forests (see Guimarães et al. 2014 for a review of studies on forest 
fragmentation effects on insects). In addition to being a novel study region, cloud forests are also 
important subjects for this type of study, due to their high insect diversity and the rapid rates of 
deforestation they are experiencing (Still et al. 1999; Jones et al. 2008; Anderson & Ashe 2000). 
Furthermore, climate change is currently putting cloud forests at risk, as cloud cover and mist are 
being pushed to higher elevations and causing various species, including beetles, to decline in 
population density (Still et al. 1999). This means it is urgent to catalog beetle diversity in cloud 
forests before large amounts of biodiversity are permanently lost (Foster 2001; Jones et al. 2008). 
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Some studies do address how habitat fragmentation is affecting beetle communities 
(Didham et al. 1998; Ewers & Didham 2008; Noreika & Kotze 2012; Magura et al. 2017), but 
most of these studies have sampled only at ground level. Few previous studies have compared 
the responses of beetles to edge distance at both the ground and the canopy level (Normann et al. 
2016; Stone et al. 2018). In a deciduous forest in Germany, Normann et al. (2016) found an 
increase in species richness and a change in species composition near edges at both ground and 
canopy levels, though the effect was strongest on the ground. Stone et al. (2018) found that 
species composition, though not abundance or richness, differed between ground and canopy 
levels and between sites in a subtropical Australian forest. Like Normann et al. (2016), the effect 
was also strongest at the ground level, with a decline in species richness with increasing distance 
into the forest, and a difference in composition between forest edges and interior (Stone et al. 
2018). 
 
Objectives 
The purpose of this study is to assess if the diversity of beetle communities (Coleoptera) within 
tropical cloud forests is influenced by distance to the forest edge. The questions I will be 
answering in my research are the following: Does distance from the forest edge impact the 
species composition, species richness, and abundance of these beetle communities, and do these 
edge effects differ between understory and canopy levels? This research will not only evaluate 
how forest fragmentation is impacting beetle communities in tropical cloud forests, but will also 
provide valuable insight into how best to approach conserving the diversity of Coleoptera. 
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Expected Outcomes 
Both Stone et al. (2018) and Normann et al. (2016) found higher species richness near edge sites, 
and a change in species composition between ground and canopy. Stone et al. (2018) also found 
differences in species composition between the forest edge and the interior. One possible 
outcome of my research is that my results will align with theirs, meaning I could find differences 
in species composition between understory and canopy levels, and an increase in richness near 
edges, explained by an increase in the number of edge-tolerant species as edges are formed. 
Conversely, my research could also yield conflicting outcomes, as a result of differences 
in our selected study regions. Unlike the other two prior studies, my research was conducted in 
the tropics. It has been suggested that there are more habitat and dietary specialists in the tropics 
than in other regions of the world (Leal et al. 2014). Since specialists tend to decline in 
abundance near human-disturbed areas (Leal et al. 2014), I could potentially find diversity, along 
with species richness and abundance, to be greater with increasing distance into the forest, as 
edge-avoiding species are pushed further away from edges.  
In addition, the canopy has been defined as a harsh-contrasting line between open area 
and forest. In this sense, the edge region simulates a canopy (Basset et al. 2003). Species that live 
in the canopy experience higher wind, more ultraviolet light, and a higher air temperature (Basset 
et al. 2003), just like species that live near edges do. In this way, abiotic conditions at the 
exposed forest edge could resemble those of forest canopies, whereas abiotic conditions in the 
sheltered understory may not resemble those at the edge and canopy (Didham & Ewers 2014). 
Since specialists succeed in non-disturbed areas, and since canopy and edge have similar abiotic 
conditions, perhaps this could result in more diversity within the understory and deeper into the 
forest.  
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MATERIALS AND METHODS 
Study Sites  
Research was conducted at the Estación Biológica Monteverde (10.3191° N, 84.8085° W) in the 
Monteverde Cloud Forest of Costa Rica (Fig. 1), at an altitude of approximately 1,550 m. 
Specimen collection occurred at the end of the dry season (April to May 2018), when 
temperatures average between 18º and 29º C and the average rainfall is 49.7 mm per month 
(Nadkarni & Wheelright 2014).  
Beetle communities were sampled at three sites of varying distances into the forest—at 
15 m from the forest edge, at 100 m, and at 205 m. The three sites represent habitats near the 
edge, intermediate habitats, and habitats far into the forest, respectively. These distances were 
chosen following Stone et al. (2018), who refer to “near forest edge” as less than 50 m, and 
greater than 50 m as “forest interior.” As a result of the mountainous, difficult-to-navigate 
terrain, sites had to be selected along a single, winding trail, rather than a linear transect 
perpendicular to the forest edge.  Large light gaps and forest clearings were avoided when 
choosing sites. Due to the non-linear nature of the sites, the distances between sites and forest 
edge were calculated by plotting GPS coordinates (Fig. 2). 
At each site, there was an understory bottle trap (BT) and a canopy BT (two traps at each 
distance, six total traps). The paired understory traps and canopy traps were within 0-15 m of 
each other at all sites. 
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FIGURE 1.  Map of Costa Rica pinpointing the location of the study site—the Estación Biológica 
Monteverde in the Monteverde Cloud Forest (10.3191° N, 84.8085° W).  
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FIGURE 2.  Map of the study area—the Estación Biológica Monteverde in the Monteverde Cloud Forest 
of Costa Rica—located at approximately 1,550 m elevation. Individual study sites at varying distances 
into the forest, are labeled.  These three sites A, B, and C (at 15 m, 100 m, and 205 m from the forest 
edge) represent habitats near the forest edge, at an intermediate distance into the forest, and a distance far 
into the forest, respectively. One canopy and one understory bottle trap were hung at each distance (for 6 
total traps) to sample beetle communities within this tropical lower montane cloud forest.  
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Beetle Sampling 
The BTs were sampled twice, once on April 22, 2018 
and once on May 1, 2018, after being set up for a week 
prior to each sampling date. Following the model of 
Steininger et al. (2015), traps were made out plastic 
plates and two-liter soda bottles with one window 
opening (Fig. 3), and hung from understory and lower 
canopy branches. They were filled with water and non-
scented soap to avoid favoring insects attracted to 
smell. Understory traps were set up at a 1 m 
height, and canopy traps were hung using a 
slingshot and string at 11-18 m above the ground, 
depending upon the height of the canopy. Canopy 
traps were hung on a branch located directly under 
the top of a tree that was as tall as the other trees in the vicinity.  
All sampled beetles were stored in jars with 70% ethanol, labeled, and identified to 
family and morphospecies (Arnett, Jr. et al. 1980; Solís 1999; Borror & White 2011). 
 
Statistical Analyses 
Diversity values for each forest zone (based on distance from forest edge) for both canopy and 
understory levels were calculated using the Shannon-Weiner Diversity Index (H). Pairwise t-tests 
were used to determine whether differences between the H indices were statistically significant 
(p< 0.05). Evenness values were calculated using the Shannon-Weiner Index (J), and the 
FIGURE 3. Bottle trap hung in the 
understory of a tropical lower montane 
cloud forest in Monteverde, Costa Rica, to 
collect beetles. Understory traps were hung 
at 1 m above the ground and filled with 
soapy water. The BTs were made out of      
2 L plastic bottles with one window and a 
plate to block rain.  
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Morisita Index was used to determine similarities of sites in terms of species composition and 
relative abundance.  
To test for the effects of distance on abundance and morphospecies richness for both 
understory and canopy, a Linear Mixed Model (LMM) was used. Distance and Height were 
considered fixed effects and Day and Site were random effects. In addition, several post hoc tests 
were run for every combination of height and distance. 
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RESULTS 
Identification of Specimens 
In total, 434 individuals were sampled, with 66 morphospecies identified in 28 families (Table 
1). Pictures of every morphospecies can be found in Appendix II (Fig. 13-21). 
 
TABLE 1.  List of 28 beetle families identified among individuals sampled using bottle traps in a tropical 
lower montane cloud forest in Monteverde, Costa Rica. Traps were set up at three distances 
from the forest edge (15 m, 100 m, 205 m) with one canopy trap and one understory trap at 
each distance (6 total traps). Sampling and identification occurred during a four-week period 
in April to May 2018. This list shows the number of morphospecies (Spp) and individuals 
(Indivs) within each family. 
 
Family Spp Indivs Family Spp Indivs 
All Families 66 434    
Biphyllidae 1 1 Leiodidae 1 1 
Brentidae 2 5 Limnichidae 1 1 
Cantharidae 1 1 Lycidae 1 1 
Carabidae 1 5 Meloidae 1 5 
Cerambycidae 2 2 Mordellidae 3 8 
Chrysomelidae 8 21 Nitidulidae 5 14 
Coccinellidae 1 2 Oedimeridae 2 2 
Cryptophagidae 1 2 Phengodidae 1 3 
Curculionidae 12 175 Ptilodactylidae 1 22 
Elateridae 3 4 Scarabaeidae 1 1 
Erotylidae 1 1 Staphylinidae 8 144 
Laemophloeidae 1 2 Tenebrionidae 2 2 
Lampyridae 1 1 Throscidae 2 2 
Latridiidae 1 1 Trogossitidae 1 5 
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Edge and Height Effects on Number of Individuals  
Isolating for only one factor (height or distance) at a time, distance into the forest did affect 
beetle abundances (LMM, χ2= 19.851, d.f. = 2, p = 4.891e-05), although height had no 
significant effect (LMM, χ2=0.023, d.f. = 1, p = 0.881). When calculating for the interaction of 
the two factors, the number of individuals did vary significantly between heights and distance 
(LMM, interaction term, χ2=11.530, d.f. = 2, p = 0.003). Post hoc comparisons isolating for one 
factor at a time further elucidated where the major variation in the number of individuals 
occurred.  
When comparing mean abundances in the canopy and understory, there were more 
individuals in the understory at edge and middle sites, but more individuals in the canopy far into 
the forest (Fig. 4, Table 2). Ultimately, these differences in beetle abundances were not 
significant at any distance, neither the edge (p= 0.702), nor middle (p= 0.057) or far (p= 0.069).  
However, it is still important to notice the large difference in p-values between edge and 
middle/far sites. The post hoc test comparing canopy and understory communities at the edge 
yielded a very a high p-value (p=0.702), whereas the tests for middle and far sites produced p-
values that were dramatically lower and nearly significant (p<0.10). Although the results were 
not significant (p< 0.05), the substantial difference in p-values implies a noteworthy trend in the 
data. Height appears to have a greater effect on beetle abundance in the forest interior, in 
comparison to the edge (Fig. 4), i.e., there is a large difference between canopy and understory 
means at the far and middle locations, but a small difference between them at the edge. Although 
the p-values were not significant in the present study, a significant difference could perhaps be 
demonstrated through further testing.  
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Additional post hoc tests compared abundances between the three distances, while 
isolating for the effect of height. In the understory, the middle site had the most individuals, 
while the edge site had the least, and the far site had an intermediate number. Ultimately, none of 
this variation across distance was significant [edge vs. far (p= 0.291), far vs. middle (p = 0.571), 
edge vs. middle (p= 0.085)], although the comparison between middle and edge was almost 
significant (p< 0.10), with middle sites tending to show greater abundance than edge sites. In 
comparison, at the canopy level, the far site had significantly more individuals than both the edge 
site (p= 0.014) and the middle site (p= 0.031). Even though the middle site did have more 
individuals than the edge, a post hoc test determined this was not a statistically significant 
difference (p= 0.682).  
These findings indicate that edge effects on beetle abundance were stronger in the canopy 
than in the understory (Fig. 4). Because there are significantly fewer individuals in the canopy 
near the edge than far into the forest, there is a clear linear trend displayed within the graph, one 
which implies a positive relationship between the number of individuals and distance. In the 
understory, the far sites do not have statistically more individuals than the edge or the middle, 
and no linear relationship is exhibited between distance and abundance.  
In addition, it is important to note that the middle site was the outlier at both the canopy 
and understory levels. To be in accordance with the positive relationship found in the canopy, the 
middle site should have yielded a statistically significant difference from the edge. Although the 
middle site did have more individuals than the edge, the difference was not significant (p= 
0.682). Similarly, in the understory, the middle site was the outlier in what looked like an 
otherwise positive trend between distance and abundance. Even though the middle site did have 
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more individuals than the edge, it also had more individuals than the far site, which ultimately 
contradicted the idea of any sort of linear relationship. 
 
  
 
TABLE 2.   Mean number of beetle individuals collected, with standard errors, in the understory and 
canopy of a tropical cloud forest in Monteverde, Costa Rica. Sampled at varying distances 
from the forest edge (edge-15 m, middle-100 m, far-205 m). Means are based on two samples, 
totaling to 434 individuals, collected using bottle traps over a 2-3-week period during the dry 
season. 
 
Descriptive Statistics 
Distance Height Mean Standard Error 
Edge Understory 11.50 7.50 
Edge Canopy 4.00 2.00 
Middle Understory 59.00 5.00 
Middle Canopy 19.00 12.00 
Far Understory 40.50 22.00 
Far Canopy 83.00 13.00 
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FIGURE 4. Mean number of beetle individuals (±1 standard error) collected at the understory and 
canopy level at varying distances from the forest edge (edge- 15 m, middle- 100 m, far- 205 m). 
Means are based on two samples totaling to 434 individuals. Samples were collected using bottle 
traps over a 2-3-week period in a tropical lower montane cloud forest of Monteverde, Costa Rica.  
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Edge and Height Effects on Morphospecies Richness 
The results for the number of morphospecies showed patterns similar to those for the number of 
individuals (Fig. 5, Table 3). Beetle morphospecies richness was significantly affected by 
distance (LMM, χ2 = 20.782, d.f. = 2, p = 3.069e-05), but not by height (LMM, χ2 =0.067, d.f. = 
1, p =0.797). The effect of distance and height on species richness was again significant (LMM, 
interaction term, χ2 = 26.100, d.f. = 2, p = 2.150e-06).  
There were more beetle morphospecies in the understory at middle sites (p= 0.026), but 
more morphospecies in the canopy at far sites (p= 0.019). The differences in the number of 
morphospecies between canopy and understory were nonsignificant at the edge site (p= 0.287). 
In the canopy, there was higher morphospecies richness at far sites than at the middle (p= 0.036) 
and edge (p = 0.007) sites, but middle and edge sites were not significantly different from one 
another (p = 0.265). For understory beetle communities, the middle site had the highest number 
of morphospecies, being significantly different from the edge (p = 0.031) and far sites (p = 
0.042). This is unlike the tests for number of individuals, in which the middle site also had the 
highest mean value, but did not differ significantly in comparison to edge and far sites. Still, like 
the abundance data, edge and far sites were not significantly different from one another (p = 
0.953). 
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TABLE 3.   Mean number of beetle morphospecies collected per site, with standard errors, within a tropical 
lower montane cloud forest in Monteverde, Costa Rica. Six bottle traps were hung up at three 
distances into the forest (edge-15 m, middle-100 m, far-205 m) at two different vertical strata 
(understory and canopy). Means are based on two samples, totaling to 434 individuals and 66 
morphospecies, collected using bottle traps over a 2-3-week period during the dry season. 
 
Descriptive Statistics 
Distance Height Mean Standard Error 
Edge Understory 8.00 4.00 
Edge Canopy 3.50 1.50 
Middle Understory 20.00 3.00 
Middle Canopy 9.50 5.50 
Far Understory 8.50 0.50 
Far Canopy 21.50 0.50 
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FIGURE 5. Mean number of beetle morphospecies (±1 standard error) collected at each of the six 
sites—edge understory, edge canopy, middle understory, middle canopy, far understory, and far 
canopy. Using bottle traps, 434 total individuals were sampled and identified to 66 morphospecies in 
Monteverde, Costa Rica, in a tropical lower montane cloud forest over 2-3 weeks.  
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Edge and Height Effects on Diversity and Composition 
Diversity values were calculated using the Shannon-Weiner Diversity Index, which accounts for 
abundance and evenness of the morphospecies present (Fig. 6, Table 4). According to this index, 
the middle understory site was the most diverse and edge canopy was the least diverse. Pairwise 
t-tests were run to compare diversity values of sites and determine if the variation between them 
was significant (Fig. 6). When comparing the two different heights at each site, diversity values 
were too similar between canopy and understory levels at the middle site to be considered 
significant (p= 0.373), but diversity was significantly higher in the understory at the edge (p= 
0.027). and higher in the canopy far into the forest (p= 0.008).  
In the understory, far sites had significantly less diversity than the edge (p= 0.001) and 
middle sites (p= 7.62e-07), but edge and middle sites had similar diversity values (p= 0.275). In 
the canopy, the edge had statistically less diversity than the middle site (p= 0.020). The edge 
canopy also had less diversity than far canopy, although this result was only nearly significant 
(p= 0.092). Middle canopy and edge canopy did not differ significantly in diversity (p= 0.19). 
Equitability values were highest at edge canopy and edge understory sites, whereas 
middle understory, middle canopy, far understory, and far canopy had less species evenness 
(Table 4). In addition, sites differed in their morphospecies composition (Fig. 6-11). Comparing 
the compositions of understory and canopy samples at each site, the edge only had 9.32% 
similarity, whereas the canopy and understory samples at the middle and far sites were 46.11% 
and 45.10% similar to each other, respectively (Morisita Index). At the understory, the middle 
site was 27.30% and 77.78% compositionally similar to the edge and far sites respectively, 
whereas the edge was 3.07% similar to the far site.  For canopy communities, about half of the 
morphospecies were shared between edge and middle sites (50.59% similarity) and between 
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middle and far (41.56%) sites, although edge and far canopy sites were only 0.82% similar. 
Comparing communities both at different height levels and different distances, half of the 
samples were not very similar (edge canopy v. middle understory— 2.41%, edge canopy v. far 
understory— 0%, edge understory v. far canopy— 4.51%). The other half did show some 
similarity in their compositions (edge understory v. middle canopy— 18.35%, middle canopy v. 
far understory— 30.60%, middle understory v. far canopy— 63.82%). 
 Overall, Curculionidae was the most species-rich family of beetles, with twelve different 
morphospecies. Staphylinidae and Chrysomelidae also had a high number of morphospecies, 
with eight morphospecies identified for each.   Curculionidae and Staphylinidae had by far the 
highest number of individuals, with 175 specimens and 144 specimens, respectively, in 
comparison to the next two most abundant families, Ptilodactylidae and Chrysomelidae, with 
only 22 and 21 specimens apiece. A detailed table showing the relative abundance of 
morphopecies at each site can be found in Appendix I (Table 5). 
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TABLE 4.   Shannon-Weiner Diversity Index and Equitability values for beetle communities at six sites in 
a tropical cloud forest in Monteverde, Costa Rica. The six sites were at three distances from 
the forest edge (edge-15 m, middle-100 m, far-205 m) at two different heights (understory and 
canopy). A total of 434 individuals were sampled in a 2-3-week period using bottle traps. 
 
Descriptive Statistics 
Distance Height Diversity Value (H’) Equitability (J) 
Edge Understory 2.50 0.9474 
Edge Canopy 1.75 0.9755 
Middle Understory 2.72 0.8001 
Middle Canopy 2.54 0.8800 
Far Understory 1.75 0.6468 
Far Canopy 2.27 0.6477 
FIGURE 6. Diversity Values (H) according to the Shannon-Weiner Diversity Index for each of the 6 
sites, two sites (one understory and canopy) per distance into the forest (edge, middle, and far). 
Using bottle traps, 434 total individuals and 66 morphospecies were sampled in Monteverde, Costa 
Rica, in a tropical lower montane cloud forest over 2-3 weeks in the dry season. Bars that share a 
letter are similar to each other and bars that do not share a letter are significantly different. Statistical 
significance was determined using pairwise t-tests and a p value of ≤ 0.05.  
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FIGURE 7. Morphospecies composition and number of individuals per morphospecies found in the 
understory at the edge.  
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FIGURE 8. Morphospecies composition and number of individuals per morphospecies found in the 
canopy at the edge.  
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FIGURE 9. Morphospecies composition and number of individuals per morphospecies found in the 
understory at the middle site.  
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FIGURE 10. Morphospecies composition and number of individuals per morphospecies found in the 
canopy at the middle site.  
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FIGURE 11. Morphospecies composition and number of individuals per morphospecies found in the 
understory at the far site.  
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FIGURE 12. Morphospecies composition and number of individuals per morphospecies found in the 
understory at the far site.  
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DISCUSSION 
 
In summary, there was higher morphospecies richness and abundance of beetles in the 
understory at edge and middle sites in my tropical cloud forest sites, but higher richness and 
abundance in the canopy far into the forest, with a stronger edge effect at canopy. Strong 
compositional differences were found between edge and far sites and between canopy and 
understory communities at the edge. In comparing heights, diversity was highest in the 
understory at edge sites, highest in the canopy at far sites, and not significantly different at 
middle sites. In the understory, far sites had less diversity, and in the canopy, edge sites had less 
diversity. Ultimately the most diverse site was middle understory, and the least diverse site was 
edge canopy, in terms of richness and relative abundance of morphospecies. 
My results were unlike those of Stone et al. (2018) and Normann et al. (2016), who found 
the edge effect to be strongest at the ground level. They both found higher species richness near 
edge sites, and a change in species composition between ground and canopy, although Stone et 
al. (2018) also found differences in species composition between the forest edge and interior. 
Differences between my results and theirs could be attributed to the study region, as mine was 
the only study of the three conducted in the tropics. It has been asserted that there are more 
habitat and dietary specialists in the tropics (Leal et al. 2014). Since specialists tend to decline in 
abundance near human-disturbed areas (Leal et al. 2014), this may explain why Normann et al. 
(2016) and Stone et al. (2018) found an increase in richness and abundance near edges, whereas I 
found a decrease. 
Differences in the abiotic properties of each site could also lead to differences in edge 
responses (Stone et al. 2018). By definition, the canopy is a harsh-contrasting line between open 
area and forest. In this sense, the edge layer can simulate a canopy (Basset et al. 2003). Species 
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that live in the canopy experience higher wind, more ultraviolet light, and a higher air 
temperature (Basset et al. 2003), just like edges do. In this way, abiotic conditions at the exposed 
forest edge could resemble those at forest canopies, whereas abiotic conditions in the sheltered 
understory may not resemble those at the edge and canopy (Didham & Ewers 2014). This could 
explain why my results show the edge canopy is the least diverse area, where there is essentially 
an edge effect that is twice as strong. Since specialists succeed in non-disturbed areas, and since 
canopy and edge have similar abiotic conditions, this leads to more diversity in the understory 
further into the forest. In accordance with this, far understory should have been the most diverse. 
However, the far understory site I chose was near a stream, which could have served as a natural 
edge and reduced the diversity at that site. This might explain why middle understory was the 
most diverse site, and why the understory did not show a strong edge effect. 
In addition, the high diversity of the middle understory could also be explained by the 
intermediate disturbance hypothesis. According to this theory, the diversity of species should be 
highest in ecosystems with an intermediate degree of disturbance, and lower in ecosystems with 
the highest and lowest degrees of disturbances (Jung et al. 2013). This is because many species 
are at risk of going extinct in areas with high levels of disturbance. Conversely, in areas with an 
intermediate degree of disturbance, diversity is maximized as the likelihood of competitive 
exclusion between co-occurring species is reduced (Willig & Presley 2018). This could 
potentially explain why middle understory, an area of intermediate disturbance, was the most 
diverse, while edge canopy, an area of high disturbance, was the least diverse. 
Furthermore, edge responses amongst habitats can vary according to the different species 
compositions that exist there. Communities can be inhabited by beetles with different ecological 
traits that effect their responses (Stone et al. 2018). Differences may exist because some species 
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are more specialized in their habitats, whereas others are habitat generalists (Stone et al. 2018). 
Overall, Curculionidae, Staphylinidae, and Chrysomelidae were the families with the most 
morphospecies, and Curculionidae and Staphylinidae had the highest number of specimens. The 
high species richness and abundances of these families could reflect their range of feeding habits 
and ability to exploit various rainforest habitats (Basset 2001). Staphylinidae, which are 
predators, fungal feeders, and scavengers, and Curculionidae, which are wood-eaters, herbivores 
on roots, and eat foliage and seeds, are the most likely to be found in canopy and edge 
communities (Basset 2001). Chrysomelidae is the next most common family, and its members 
are mainly herbivores on roots and foliage (Basset 2001). This suggests that families with more 
generalized diets are generally more species-rich and abundant across a wide variety of habitats, 
because they utilize resources that are found in several different habitat types. 
Curculionidae, Staphylinidae, and Chrysomelidae, which are habitat generalists and able 
to succeed in a variety of habitats, were consistently the three most common families found in 
my study region. Many insect herbivores, such as some chrysomelids and curculionids, feed on 
roots as larvae, and later migrate in the canopy to feed as adults on leaves (Basset 2001). I 
presume that perhaps larvae of these families do not do as well in human-disturbed habitats near 
edges due to differences in plant composition there and food sources present, although more 
research is needed on this subject. In accordance with this, larvae would then prefer far 
understory sites, meaning adults of these families would be more common in far canopy sites, as 
they move up into the canopy to feed on leaves. Because beetle larvae cannot fly, and therefore 
could not be caught in my flight-intercepting bottle traps, this can also explain why a strong edge 
effect was seen in the canopy, but not in the understory. 
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CONCLUSION 
Insects are important model organisms for examining the effects of habitat change, due to 
their wide range of feeding behaviors and habitats. As a result, even a small change in habitat 
structure could pose large threats to their populations (Golden and Crist 2000). In addition, 
quantifying edge effects on insects is crucial, since their small size could mean that widespread 
changes in their diversity go unnoticed, putting edge-avoiding species at risk of extinction (Baker 
et al. 2007). That is why studies like the present one are essential for determining the extent of 
humanity’s impact on earth’s species, particularly ones that are often neglected. 
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APPENDIX I 
Composition of Each Site 
 
TABLE 5. Table comparing the relative abundance of each morphospecies found at the following sites, 
representing varying heights and distances into the forest: edge understory, edge canopy, 
middle understory, middle canopy, far understory, and far canopy. Understory is abbreviated 
as U and canopy is abbreviated as C. Table also shows the total number of individuals found at 
each site and the total number of individuals of every morphospecies for all sites combined.  
 
Morphospecies	   Edge	  U	   Edge	  C	   Middle	  U	   Middle	  C	   Far	  U	   Far	  C	   Total	  
Biphyllidae	  1	   1	   	  	   	  	   	  	   	  	   	  	   1	  
Brentidae	  1	   1	   	  	   	  	   	  	   	  	   	  	   1	  
Brentidae	  2	   	  	   	  	   2	   	  	   2	   	  	   4	  
Cantharidae	  1	   1	   	  	   	  	   	  	   	  	   	  	   1	  
Carabidae	  1	   2	   	  	   2	   	  	   1	   	  	   5	  
Cerambycidae	  1	   1	   	  	   	  	   	  	   	  	   	  	   1	  
Cerambycidae	  2	   	  	   	  	   1	   	  	   	  	   	  	   1	  
Chrysomelidae	  1	   3	   	  	   4	   	  	   	  	   3	   10	  
Chrysomelidae	  2	   	  	   1	   	  	   	  	   	  	   	  	   1	  
Chrysomelidae	  3	   1	   	  	   2	   	  	   	  	   	  	   3	  
Chrysomelidae	  4	   	  	   1	   	  	   	  	   	  	   	  	   1	  
Chrysomelidae	  5	   	  	   1	   1	   	  	   	  	   	  	   2	  
Chrysomelidae	  6	   1	   	  	   	  	   	  	   1	   	  	   2	  
Chrysomelidae	  7	   	  	   	  	   1	   	  	   	  	   	  	   1	  
Chrysomelidae	  8	   	  	   	  	   	  	   	  	   	  	   1	   1	  
Coccinellidae	  1	   	  	   	  	   	  	   	  	   1	   1	   2	  
Cryptophagidae	  1	   	  	   	  	   2	   	  	   	  	   	  	   2	  
Curculionidae	  1	   2	   	  	   2	   1	   2	   2	   9	  
Curculionidae	  2	   	  	   	  	   	  	   	  	   	  	   2	   2	  
Curculionidae	  3	   1	   2	   1	   10	   	  	   1	   15	  
Curculionidae	  4	   	  	   	  	   	  	   1	   	  	   	  	   1	  
Curculionidae	  5	   	  	   	  	   	  	   	  	   	  	   3	   3	  
Curculionidae	  6	   1	   	  	   	  	   	  	   	  	   1	   2	  
Curculionidae	  7	   	  	   	  	   32	   4	   42	   26	   104	  
Curculionidae	  8	   	  	   	  	   3	   2	   	  	   1	   6	  
Curculionidae	  9	   	  	   	  	   4	   	  	   	  	   1	   5	  
Curculionidae	  10	   	  	   	  	   5	   1	   3	   11	   20	  
Curculionidae	  11	   	  	   	  	   2	   1	   	  	   3	   6	  
Curculionidae	  12	   	  	   	  	   2	   	  	   	  	   	  	   2	  
Elateridae	  1	   	  	   	  	   	  	   1	   	  	   	  	   1	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TABLE 5. (continued) 
Morphospecies	   Edge	  U	   Edge	  C	   Middle	  U	   Middle	  C	   Far	  U	   Far	  C	   Total	  
Elateridae	  2	   	  	   	  	   	  	   	  	   	  	   1	   1	  
Elateridae	  3	   2	   	  	   	  	   	  	   	  	   	  	   2	  
Erotylidae	  1	   	  	   	  	   	  	   	  	   	  	   1	   1	  
Laemophloeidae	  1	   	  	   	  	   1	   	  	   	  	   1	   2	  
Lampyridae	  1	   	  	   	  	   1	   	  	   	  	   	  	   1	  
Latridiidae	  1	   	  	   	  	   	  	   	  	   	  	   1	   1	  
Leiodidae	  1	   	  	   	  	   	  	   	  	   	  	   1	   1	  
Limnichidae	  1	   	  	   	  	   	  	   1	   	  	   	  	   1	  
Lycidae	  1	   	  	   	  	   	  	   1	   	  	   	  	   1	  
Meloidae	  1	   	  	   	  	   1	   1	   	  	   3	   5	  
Mordellidae	  1	   	  	   	  	   1	   3	   	  	   2	   6	  
Mordellidae	  2	   	  	   	  	   	  	   	  	   	  	   1	   1	  
Mordellidae	  3	   	  	   	  	   	  	   1	   	  	   	  	   1	  
Nitidulidae	  1	   	  	   	  	   2	   2	   	  	   1	   5	  
NItidulidae	  2	   	  	   	  	   	  	   1	   	  	   	  	   1	  
Nitidulidae	  3	   	  	   	  	   1	   	  	   4	   	  	   5	  
Nitidulidae	  4	   	  	   	  	   2	   	  	   	  	   	  	   2	  
Nitidulidae	  5	   	  	   	  	   1	   	  	   	  	   	  	   1	  
Oedemeridae	  1	   	  	   	  	   	  	   	  	   	  	   1	   1	  
Oedemeridae	  2	   	  	   1	   	  	   	  	   	  	   	  	   1	  
Phengodidae	  1	   	  	   	  	   2	   	  	   	  	   1	   3	  
Ptilodactylidae	  1	   4	   	  	   13	   1	   1	   3	   22	  
Scarabaeidae	  1	   1	   	  	   	  	   	  	   	  	   	  	   1	  
Staphylinidae	  1	   	  	   	  	   1	   	  	   1	   	  	   2	  
Staphylinidae	  2	   	  	   	  	   	  	   	  	   1	   1	   2	  
Staphylinidae	  3	   	  	   	  	   7	   	  	   13	   4	   24	  
Staphylinidae	  4	   	  	   1	   	  	   	  	   	  	   	  	   1	  
Staphylinidae	  5	   	  	   	  	   	  	   	  	   1	   	  	   1	  
Staphylinidae	  6	   	  	   	  	   	  	   2	   	  	   6	   8	  
Staphylinidae	  7	   	  	   	  	   3	   	  	   	  	   2	   5	  
Staphylinidae	  8	   	  	   1	   16	   4	   6	   74	   101	  
Tenebrionidae	  1	   	  	   	  	   	  	   	  	   	  	   1	   1	  
Tenebrionidae	  2	   	  	   	  	   	  	   	  	   	  	   1	   1	  
Throscidae	  1	   	  	   	  	   	  	   	  	   	  	   1	   1	  
Throscidae	  2	   1	   	  	   	  	   	  	   	  	   	  	   1	  
Trogossitidae	  1	   	  	   	  	   	  	   	  	   2	   3	   5	  
Total	   23	   8	   118	   38	   81	   166	   434	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APPENDIX II 
Photographs of All 66 Morphospecies 
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FIGURE 13. a) Biphyllidae 1. b) Brentidae 1. c) Brentidae 2. d) Cantharidae 1.  
e) Carabidae 1. f) Cerambycidae 1. 
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FIGURE 14. a) Cerambycidae 2. b) Chrysomelidae 1. c) Chrysomelidae 2.  
d) Chrysomelidae 3. e) Chrysomelidae 4. f) Chrysomelidae 5. g) Chrysomelidae 6. 
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FIGURE 15. a) Chrysomelidae 7. b) Chrysomelidae 8. c) Coccinellidae 1.  
d) Cryptophagidae 1. e) Curculionidae 1. f) Curculionidae 2. 
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FIGURE 16. a) Curculionidae 3. b) Curculionidae 4. c) Curculionidae 5.  
d) Curculionidae 6. e) Curculionidae 7. f) Curculionidae 8. g) Curculionidae 9. 
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FIGURE 17. a) Curculionidae 10. b) Curculionidae 11. c) Curculionidae 12. d) Elateridae 1. 
e) Elateridae 2. f) Elateridae 3. g) Erotylidae 1. 
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FIGURE 18. a) Laemophloeidae 1. b) Lampyridae 1. c) Latridiidae 1. d) Leiodidae 1.  
e) Limnichidae 1. f) Lycidae 1. g) Meloidae 1. 
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FIGURE 19. a) Mordellidae 1. b) Mordellidae 2. c) Mordellidae 3. d) Nitidulidae 1.  
e) Nitidulidae 2. f) Nitidulidae 3. g) Nitidulidae 4. h) Nitidulidae 5. i) Oedemeridae 1. 
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FIGURE 20. a) Oedemeridae 2. b) Phengodidae 1. c) Ptilodactylidae 1. d) Scarabaeidae 1.  
e) Staphylinidae 1. f) Staphylinidae 2. g) Staphylinidae 3. h) Staphylinidae 4. 
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FIGURE 21. a) Staphylinidae 5. b) Staphylinidae 6. c) Staphylinidae 7. d) Staphylinidae 8. 
e) Tenebrionidae 1. f) Tenebrionidae 2. g) Throscidae 1. h) Throscidae 2. i) Trogossitidae 1. 
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